A number of companies are marketing general eye hand coordination (EHC) training devices, which are purported to enhance performance on the device and in a sporting domain. An act comprising EHC involves the complex combination of a number of distinct functions and an investigation of what tasks share this common factor has not been completed. There is also a lack of evidence investigating the interrelationship between different tests to assess EHC using these devices. A number of different EHC abilities, rather than one common factor, could potentially underpin any range of tasks involving EHC and visual stimuli. Therefore, the present study investigated the theoretical assumption upon which such EHC training devices are based; that is, whether EHC is a general ability. Eighty-seven currently active sportspeople (age 18.6±0.9 years; 58 males and 29 females) completed four tests of EHC: three laboratory tasks (the Sports Vision TrainerTM; Batak ProTM; and Graded Pegboard) and a field task (wall catch test). Intercorrelations between the tasks ranged from weak to strong, but the percentage of shared variance was typically low. Overall, the results do not support the existence of a common EHC ability underpinning performance on general EHC training devices. Consequently, coaches and sport scientists should be aware that training on general EHC training devices is unlikely to transfer to sporting performances. Instead, practitioners are encouraged to explore sport-specific assessment and training of EHC.
A number of companies are marketing general eye hand coordination (EHC) training 2 devices, which are purported to enhance performance on the device and in a sporting 3
domain. An act comprising EHC involves the complex combination of a number of distinct 4 functions and an investigation of what tasks share this common factor has not been 5 completed. There is also a lack of evidence investigating the interrelationship between 6 different tests to assess EHC using these devices. A number of different EHC abilities, 7 rather than one common factor, could potentially underpin any range of tasks involving 8 EHC and visual stimuli. Therefore, the present study investigated the theoretical 9 assumption upon which such EHC training devices are based; that is, whether EHC is a 10 general ability. Eighty-seven currently active sportspeople (age 18.6±0.9 years; 58 males 11 and 29 females) completed four tests of EHC: three laboratory tasks (the Sports Vision 12 Trainer TM ; Batak Pro TM ; and Graded Pegboard) and a field task (wall catch test). 13
Intercorrelations between the tasks ranged from weak to strong, but the percentage of 14 shared variance was typically low. Overall, the results do not support the existence of a 15 common EHC ability underpinning performance on general EHC training devices. 16
Consequently, coaches and sport scientists should be aware that training on general EHC 17 F o r P e e r R e v i e w
The drive to excel in elite sport has seen teams and organizations exploring novel 23 training practices to gain an advantage over their competitors. Visual training has been one 24 of the most common avenues pursued by teams in order to gain that advantage (1, 2). One 25 of the key visual skills targeted by such programmes is eye-hand coordination (EHC). 26 EHC refers to the synchronization of the movements of the hands to visual stimuli (3), and 27 has long been regarded as a key contributor to success in specific sports such as table tennis 28 (4), and professions such as surgery (5). Stimulated by this popular opinion, a number of 29 companies now market devices which they claim can be used to measure and enhance EHC 30 (e.g., the Sports Vision Trainer™ (SVT™), Sports Vision Pty Ltd, Australia; Dynavision 31 D2™, Dynavision International LLC, USA; Wayne Saccadic Fixator, Wayne Engineering, 32
USA; Batak Pro™, Quotronics Limited, UK). 33
An inherent assumption of EHC training devices is that a common factor underpins 34 performances both on these devices and in the domain-specific skills (e.g., catching a 35 F o r P e e r R e v i e w cricket ball). Within the motor learning literature, such common factors are termed "general 36 motor abilities" (5, 6). One concern with the conceptualization of EHC as a general ability 37
is that a rigorous analysis of what tasks share this common factor has not been completed. 38
Such an analysis is required because any act of EHC involves the complex integration of a 39 number of distinct functions, including visual detection of the target, focusing attention, 40 perceptual identification, planning and programming the initial interceptive movement, 41 potential online control of the steering of the limb towards the target, and the execution of 42 the grasping/striking movement itself (7). Consequently, it is plausible that the wide range 43 of tasks in which the hands are synchronized to visual stimuli are underpinned by a number 44 of different EHC abilities, and not a single common factor. 45
Such an interpretation is consistent with the dominant theory in relation to the 46 concept of ability: Henry's specificity hypothesis (8). In Henry's theory, abilities are the 47 hypothetical basic unit of individual differences in performance. Abilities are said to be 48 specific in the sense that the performance of any motor skill is based upon a very large 49 number of independent abilities, with each skill drawing upon an almost unique 50 combination of abilities. Researchers have repeatedly supported Henry's prediction when 51 investigating candidate general abilities such as balance or agility (9-16), and recent studies 52 of individual differences continue to support the specificity hypothesis (17, 18). Thus, 53 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w although intuitively appealing, there are both theoretical and empirical reasons to doubt the 54 existence of a general EHC ability that underpins both laboratory training devices and 55 domain-specific skills. 56
Despite these theoretical and empirical arguments against the existence of broad 57 general abilities, the popularity of devices for the assessment and training of general EHC 58 appears to be increasing (1, 19 addition, within the study by Klemish and colleagues, the predicted differences between 73 pitchers, whose playing position places a low demand on EHC, and hitters, whose playing 74 position places a high demand on EHC, did not materialise (21). However, the comparison 75 of performers of differing skill levels is a weaker test of the existence of a general ability 76 than experimental approaches (e.g. 11), as multiple factors typically contribute to 77 attainment within a specific sport domain (23). Consequently, these studies suggest that 78 while some findings are incongruent with the concept of general EHC ability, sufficient 79 evidence exists to warrant further investigation in general EHC ability. 80
Comparing EHC performances across skill levels (20, 21) is complicated by limited 81 access to appropriate populations resulting in small sample sizes, and by the inability to 82 control for intervening variables. A more direct assessment of whether an ability is general 83 or specific involves the comparison of performances on a range of tasks which are 84 hypothetically underpinned by the same ability (10, 12, 14) . Using this direct approach, 85 early factor analysis studies did identify an "Aiming" factor, analogous to EHC (24, 25). 86
However, an important criticism of this literature is that most of the tasks used in these 87 studies were highly similar paper and pencil measures (e.g., tracing different patterns). 88
Partially addressing this concern, an investigation of a broader range of laboratory EHC 89 
Participants 103
Eighty-seven sports participants (age 18.6±0.9 years; male athletes n=58, female 104 athletes n=29) volunteered for the study and provided written informed consent prior to 105 testing. Participants were recruited by advertisements on the local Virtual Learning 106
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Sport vision trainer (SVT TM ) 120
Participants completed six trials using the wall mounted non-portable SVT™ 80 121 sensor pad (1.25 m x 1.25 m). A 20 target self-paced protocol was initiated in which targets 122 were lit in a random sequence. The participant was instructed to successfully identify and 123 strike each stimulus before it changed position. Once a target is struck the SVT TM programme immediately lights the next target. Due to the short duration of the task, the first 125 two trials provided familiarisation, and the mean number of successful strikes for the final 126 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 colours. Pegs range in height from 3.18 cm to 6.86 cm and 1.90 cm in diameter. 143
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Statistical Analysis 183
Results for all four tasks were converted into a standardised "hits per second" score, 184
such that a higher number of hits per second on each task represented better performance. 185
A Pearson product-moment correlation analysis was used to determine the relationships 186
between the four EHC tasks (SVT™, Batak Pro™, wall catch test, and Graded Pegboard). Relationships between performances on four tests of EHC were examined to 209 evaluate whether a general EHC ability underpinned performance on these tests. 210
Identifying whether EHC is a general ability has important implications for coaches and 211 sport scientists designing training programmes for athletes. Consistent with the majority of 212 research on general motor ability (12, 13, 14) and Henry's specificity hypothesis (8), 213 intercorrelations between performances on the four tasks were mostly weak. Only the 214 correlation between the SVT™ and the Batak Pro™ could be categorised as strong, and it 215 should be noted that these two tests utilise highly similar procedures, differing only in the 216 for the most part, of longer duration than the tasks used in the current study. That said, it is 230 not clear why differences in task duration would influence the relationship between 231 performances on differing tests of EHC. 232
The general lack of association between tasks is consistent with Henry's theory of 233 specific motor abilities (8). According to this theory, small differences between test 234 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
SVT
TM presents a discrete, static stimulus, whereas the wall catch test requires the tracking 239 and interception of a dynamic stimulus, although it should be noted that the wall catch test 240 does not replicate a game situation and is not necessarily sport specific. Any of these 241 differences may be responsible for the relative lack of association observed between tasks. 242 Some limitations of this study need to be acknowledged when interpreting the 243 results. The use of a typical sample of healthy young adults means data may not transfer to 244 other populations (e.g. individuals with cognitive and physical impairments), athletic 245 populations (e.g. elite sport) or sports. For example, the assessment might lose its strength 246 in a larger homogenous sample with an elite population regarding perceptual-motor skills. 247
In addition, the present study identified and examined four EHC tests, but it should be 248 recognised that other tests and devices are available purporting to measure EHC which 249 could be included in future. This is important as the general lack of association between all 250 the EHC tests may cast some doubt over the actual measures used as they all involve some 251 variations of movement coordination. 252 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 According to this conceptualisation of EHC, transfer from basic laboratory tests of EHC to 263 sporting tasks is predicted to be minimal unless the majority of neural processes are shared. 264
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